A determination of the specific ionization of cosmic-ray particles, 6rst, by a count of the number of drops per cm along cosmic-ray tracks on cloud-chamber photographs and, second, by measurements of the energy loss in lead has shown that the great bulk of the cosmic-ray particles of positive charge are positive electrons. By measurements on the density of ionization along the track it was shown that in general the tracks of both positive and negative curvatures were due to particles of charge equal to that of one electron, and could not be due to particles of multiple charge.
of the experimental procedure is given, and several track photographs are shown. In view of the discovery that hard gamma-rays of Th C" give rise to positives and negatives in pairs, similar to the effects found in cosmicray studies, it is concluded that the absorption of the Th C" rays is due in part to that by free negative electrons and in part to a nuclear effect which results in the production of pairs of positive and negative electrons, the former effect accounting for the greater part of the absorption of the Th C" rays. The symmetry in occurrence of the positive and negative electrons found in the cosmicray studies shows that the nuclear effect which results in the production of positive and negative electrons in pairs represents the predominant part of the absorption for the range of energies as high as those of the cosmic rays and that the absorption by free negative electrons is relatively small.
HE Wilson cloud-chamber photographs of
Skobelzyn' showed the existence of cosmicray particles of energy greater than 15 &(10' electron-volts, his limit of measurement.
Experiments' by the writer in collaboration with Professor R. A. Millikan making use of a vertical Wilson chamber, specially designed for a study of cosmic rays and capable of measuring energies up to 3 and 4/ 10' volts by means of a strong magnetic field up to 20,000 gauss brought to light the fact that there occur particles of negative charge and also particles of positive charge in abundance. A preliminary survey of their energies was given.
By measurements on the density of ionization along the track it was shown that in general the tracks of both positive and negative curvatures were due to particles of charge equal to that of one electron, and could not be due to particles of multiple charge.
For the purpose of studying in detail the mechanics of the interaction of the particles with matter and to help identify the particles of positive charge, a sheet of lead was inserted in the chamber so as to allow the observation of the particles before and after they penetrated the lead plate. It was then possible to study the scattering and energy loss of the particles in lead, ' and in particular, effects were obtained which we could interpret logically on the basis of specific ionization, curvature, and range as due only to particles of positive charge and mass small compared with that of the proton. 4 These particles have been called positrons. Blackett and Occhialini, using a tube-counter controlled Wilson chamber in a magnetic field of 3000 gauss, obtained effects similar to those that we observed and confirmed our conclusion that it is necessary to call upon positive particles of mass small compared with that of the proton to explain the observed effects. '
The tendency of the cosmic-ray particles to occur in groups, first noticed by Skobelzyn, alsõ Skobelzyn, Zeits. f. Physik 54, 686 (1929) .
' Millikan and Anderson, Phys. Rev. 40, 325 and Anderson, Phys. Rev. 41, 405 (1932) . See Zeits. f. Physik 80, 559 (1933) . (1932) , Kunze, 406 ' Anderson, Phys. Rev. 43, 381A (1933) . 4 Anderson, Science '76, 238 (1932) and Phys. Rev. 43, 491 (1933 Before the lead plate was inserted in the chamber we interpreted the tracks of negative curvature as due to electrons, and the tracks of positive curvature as due probably to protons, at that time the only known positive particle of unit charge. This interpretation was made with some hesitation, however, because of the fact that while protons and electrons at high energies produce about the same ionization the positive tracks of considerable curvature could only with difficulty be ascribed to protons because of the meager ionization exhibited. Fig. 2 shows in a general way the ionization of protons as compared to particles of the same charge but of a mass equal to that of the free electron as a function of the curvature in the magnetic field. Fig.   3 gives for comparison the energy of protons and electrons for various values of IIp. We pointed out at that time that precise data on the specific ionization of the lower energy positive tracks were needed to distinguish protons from electrons. One of the purposes of this paper is to report the results of this work, which lead to the conclusion that the bulk of the positive particles are positrons and not protons. Additional evidence for this conclusion will be brought out in a discussion of the curvature distribution of the positive and negative tracks.
EXPERIMENTAL PROCEDURE
In answer to numerous queries a brief description will be given of the experimental method employed. A vertical Wilson chamber of 16.5 cm diameter and 4 cm depth was incorporated in a large electromagnet designed to produce a uniform magnetic field over the volume of the chamber of magnitude sufficient to measure the energies to be expected for the cosmic-ray particles. The magnet contains 800 turns of copper tubing of -, ' inch inside and -, 'inch outside diameter wound in the form of 40 pies and arranged in two coils. The copper tubing serves the double purpose of carrying the electric current and the circulating water for cooling purposes, the pies in each coil being connected in series 6 Anderson, Phys. Rev. 43, 368 (1933) . electrically and in parallel for the water circuits.
For the greater part of the work a current of 1600 amperes at a potential of 275 volts was used, the two coils being connected in parallel and giving a field of 15,000 gauss. A steady Row of about 35 gallons of water per minute through the coils was maintained during operation. A schematic sketch indicating the relationship of the essential parts is shown in Fig. 1 For the purpose of determining the distribution in energy of the particles, given in this paper, only the long and exceedingly sharp tracks were chosen. Extreme care was taken to eliminate to a high degree all disturbing inHuences such as motion of the gas in the chamber, falling drops, etc. To insure against errors due to falling drops the camera shutter was opened just previous to the time of formation of the drops; thus any motion of the drops would appear on the photographs and could not escape detection. The tracks from which the energy distribution was determined were particularly free from such effects. though for tracks of the degree of diffuseness used for drop-counts it is possible to measure energies only for the more curved tracks, it is these which are best suited for differentiating between positrons and protons. Those of positive curvature do not in general show a greater ionization than those of negative curvature, and the amount of ionization measured is consistent with that to be expected from particles of small mass (of the order of that of the free electron) and for the more curved tracks is definitely inconsistent with that to be expected from protons. Further, for a large number of slightly diffuse positively curved tracks where the ions are not sufficiently resolved for an exact count, but where a difference in ionization such as that to be expected between positrons and protrons could readily have been detected, positrons rather than protons were indicated for the bulk of the tracks. Foi individual cases of single positively curved tracks it is not possible to state definitely that the tracks represent a positive particle travelling downward through the chamber rather than a negative particle travelling upward. However, it is a safe inference based on various kinds of evi- Table I on the assumption that the positives are positrons and the negatives are electrons, an assumption justified by the evidence discussed in the previous section. These criteria for the selection of the tracks, vis. , length and sharpness, should favor neither the low nor the high energies and should, therefore, give a fair cross section of the energies of the particles except for statistical Auctuations. It is necessary to point out that this energy distribution does not characterize the main cosmic-ray beam as it is incident on the earth, but only after it has been filtered by passage through the atmosphere and the screening material around the cloud chamber. The presence Out of an additional group of 216 tracks which were not considered sharp enough for energy measurements but which were definitely subject to division into positive and negative curvatures, there were found 107 positives and 109 negatives indicating again approximately equal numbers of positives and negatives.
The symmetry between the positives and negatives is not maintained, however, if we conside& only the low energy particles, i.e. , those of curvatures corresponding to energies less than 100 million volts. For single particles of low energy because of the high degree of curvature in the magnetic field it is in general not possible to infer their sign of charge since the particles may be turned completely around by the field. Therefore a study was made only of those tracks which were associated with other tracks, where it was possible to infer their direction of motion and hence their sign of charge. In order to obtain a sufficient number with which to v ork it was necessary to include a number of diffuse tracks where it was not possible to determine unambiguously the direction of the curvature of the higher energy tracks, but it was always possible to determine the sign of charge and the energy of the highly curved lower energy tracks. It was here found that in 52 groups of tracks there were 64 negatives and only 5 positives in the energy range lying below 100 million volts. The excess of low energy negatives over positives associated with other tracks may v'ell be due to close encounters between high speed particles (positive or negative) and extranuclear negative electrons in which a considerable energy transfer takes place.
The general symmetry in occurrence between the positives and negatives is in accord with the view that in the primary absorption process of the incident cosmic-ray beam positives and negatives are formed in pairs perhaps as governed by Dirac's theory of electrons. "
The near equality in the number of positive and negative particles shown here is of course only statistical. It will be noted, however, that there are 16 measured positives above one billion volts as compared to only 11 negatives. Though "Dirac, Proc. Roy. Soc. A126, 360 (1930) and A133, 60 (1931).
The magnetic field strength was 15,000 gauss for all photographs except Fig. 18 negatives produced by Th C" gamma-rays is in progress.
The striking fact. that in the cosmic rays positives and negatives occur in practically equal numbers and have apparently a similar energy distribution is in accord with the assumption that the nuclear effects involved give rise to the positives and negatives in pairs (in some cases several pairs as evidenced by the showers), and that this type of absorption represents nearly the whole absorption for rays in the energy range of hundreds of millions of volts, the absorption by free electrons being of relatively minor importance.
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